Background. Synovial fluid and blood cultures often remain negative in acute bone and joint infections of childhood even when characteristic symptoms, signs, and/or radiologic proof are present. Methods. We analyzed 345 prospectively documented osteoarticular infections in children at age 3 months to 15 years. In 23% of the cases (N = 80), synovial, bone, and/or blood cultures remained negative. The characteristics of these cases were compared with patients with culture-positive bone and joint infections. Results. The 2 groups did not differ in age or gender distribution, surgical procedures performed, or outcome. In the culture-negative cases, the initial serum C-reactive protein level was lower (58 vs 87 mg/L, P < .0001) and the hospital stay was shorter (8 vs 11 days, P < .0001). Conclusions. Bone and joint infections in which cultures fail to identify the causative agent can be treated similarly as culture-positive cases.
Childhood acute osteomyelitis (OM) and septic arthritis (SA) require prompt treatment. The diagnosis is based on clinical symptoms and signs, blood analysis, radiographic findings, and culture or Gram stain of a bone and/or a synovial fluid aspirate [1] . These tests help to precisely identify the causative organism and to determine appropriate antibiotic therapy. However, a significant proportion of cases (24%-68% of OM and 21%-55% of SA) remain culture-negative, despite meticulous attempts to isolate the causative agent [2] [3] [4] . Two studies included all patients admitted to hospital as likely OM or SA, and results showed that cultures from the infectious focus remain negative in 47% and 70% of OM and SA cases, respectively [5, 6] . Negative blood cultures are common in OM and SA, but combined with imaging they may present the extent of diagnostic evaluation because the practice of routinely obtaining a bacterial sample from the focus is controversial, especially in OM [1] . In an era when community-acquired methicillin-resistant Staphylococcus aureus (ca-MRSA) is prevalent, cases with an unspecified causative organism pose a special dilemma for choosing the most appropriate antibiotic; however, patients with a culture-negative SA seem to have milder illness than patients with culture-positive SA [7] .
In our largest prospective study to date, we assessed this problem as a subgroup analysis treatment trial on pediatric osteoarticular infections [8] [9] [10] . We also addressed whether the same treatment lines can be applied in OM or SA, regardless of whether the causative agent is identified.
METHODS
The setup of the trial has been depicted in detail in previous reports [8] [9] [10] ; however, in short, children at age 3 months to 15 years with an acute bone or joint infection were treated with exceptionally large doses of clindamycin (40 mg/kg per day divided in 4 equal doses, qid) or a first-generation cephalosporin (150 mg/kg per day, qid). To avoid discussion on the accuracy of the diagnosis, and due to a lack of universally accepted diagnostic criteria for OM and SA [2] [3] [4] [5] [6] , only cases in which the causative agent was identified were included in the main treatment trial. Cases were defined as culture-positive if the causative organism was isolated from bone or joint. Positive blood cultures alone sufficed in the presence of unquestionable clinical symptoms and signs [8] [9] [10] . Patients with antecedent antibiotic use were excluded, and with all patients the first cultures were always taken before the first dose of the antibiotic. The antibiotic was started intravenously for 2-4 days, and the total antibiotic course was randomized to last 20 or 30 days in OM and 10 or 30 days in SA. The treatment for SA in children under 5 years was initiated with ampicillin or amoxicillin until Haemophilus influenzae type b was virtually eradicated from the etiology spectrum by vaccination in the 1990s [11] . A likely acute osteoarticular infection was initially assessed with a clinical examination in search of typical signs and symptoms such as fever combined with a painful swollen limb or joint with limited motion, difficulty bearing weight, and local redness in a previously healthy child. A meticulous effort to culture the agent was performed, and blood cultures and in SA synovial fluid samples were always taken. It was recommended that in OM samples from bone be taken by a percutaneous needle aspiration or by drilling. Polymerase chain reaction was not in routine use during the study period (years 1983-2005) . In addition to agar plates, specialized culture methods such as the Bactec or BactAlert blood culture bottles and Mueller-Hinton agar plates were used in the latter part of the trial to detect possible Kingella kingae. Radiography, ultrasound, or magnetic resonance imaging (MRI) was done on demand. The patient was not included in the main trial if all cultures remained negative, and the liaison clinician had free choice to complete the treatment according to the protocol (which focused only on culture-positive cases), or according to his or her own preferences. Routine drainage, irrigation, or arthrotomy was not recommended even for hip arthritis, and surgery other than procedures aimed at obtaining a diagnostic sample was kept at a minimum [12] .
The course of illness was monitored clinically and with sequential measurements of the serum C-reactive protein (CRP) levels and the erythrocyte sedimentation rate (ESR) in a schedule shown in Pääkkönen et al [13] . Antibiotic was discontinued in the given time frames, provided the symptoms and signs were relieving, and CRP had descended to <20 mg/L; if not, the treatment was continued until these criteria were fulfilled (no matter how high ESR). A control visit at 2 weeks, 3 months, and 1 year after hospitalization was scheduled for all patients An interesting question in our exceptionally large trial was to examine the treatments and outcomes of the culture-negative cases versus those in which an agent was isolated. A series was also formed from the culturenegative cases. These cases had characteristic symptoms and signs (fever, malaise, and local symptoms such as swelling, redness, heat, and restricted motion or difficulty weight-bearing) of OM or SA and at least 1 objective finding (lytic bone changes in MRI or plain radiograph, joint swelling in ultrasound, visible pus in bone or joint aspirate or biopsy, and/or elevated CRP and ESR) that suggested an osteoarticular focus, most likely of an infectious origin. We analyzed the characteristics of the patients with culture-negative infections using culturepositive patients as the controls. The culture-negative group included patients among whom no sample had been taken from the focus, but blood cultures remained negative; these patients, too, were included in the analysis. The primary endpoint was full recovery without re-administration of an antibiotic for an osteoarticular infection during the follow-up period of 1 year. The secondary outcomes included all potential sequelae of these potentially severe infections. In addition, a comparison was made in patient characteristics (age, gender), the behavior of parameters of infection, and short-term recovery (duration of intravenous antibiotic treatment, hospitalization). StatView was used in data analyses. An unpaired t test was used to calculate P values for continuous variables. A confidence limit analysis was used for the primary endpoint. The Newcombe method was used to calculate 95% confidence intervals (CIs).
RESULTS

Participants
Three hundred eighty-seven children were assessed, 354 (91%) of whom were diagnosed to have OM or SA. In 9 cases the diagnosis changed during initial evaluation or follow-up. These included 2 cases caused by Bacillus Calmette-Guérin vaccine strain, a subacute OM, a relapse of chronic OM, a Borrelia arthritis, 3 soft tissue infections without proven bone involvement, and 1 chronic recurrent multifocal OM. Among the remaining 345 cases of acute OM or SA, 77% (265 of 345) were culture-positive and 23% (80 of 345) were culturenegative. Forty-three percent (150 of 345) were diagnosed as OM, 49% (168 of 345) were SA, and 8% (27 of 345) were cases of combined bone and joint infection (OM + SA). Bacterial culture from the blood, joint, or bone tissue proved positive in 71% (95% CI, 63-77), 80% (95% CI, 73-85) and 93% (95% CI, 77-98) for OM, SA, and OM + SA, respectively. Staphylococcus aureus (invariably methicillin-sensitive) was the most common causative organism identified (75%, 199 of 265). The characteristics of the culture-positive and culture-negative cases are summarized in Table 1 . Median duration of symptoms on admission was 4 days (interquartile range [IQR], 1-7.5) and 3 days (2-4.5) among culture-negative and culture-positive cases, respectively. CRP on admission was lower (58 ± 4 vs 85 ± 3 mg/ L, P < .0001) than among the culture-positive children, but the difference was not significant in ESR (P = .08) or white blood cell count ([WBC]; P = .06). The age and gender distribution did not differ between groups.
Among culture-negative patients, a sample had been taken from the focus in 69% (55 of 80) cases, but no bacterial growth was detected. Among the remaining 31% (22 osteomyelitides and 3 septic arthritides), blood culture was taken but remained negative. Table 1 . Antibiotic treatment was extended beyond 30 days in 2 culture-negative cases (33 days and 37 days) due to slow recovery. Yearly enrollment is shown in Figure 1 . Thirty-eight culture-negative cases were enrolled 
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in the years between 1983 and 1995 and received a median total antibiotic course of 22 days (IQR, 10-30), which is slightly longer than the 42 patients who were enrolled in 1996 onwards and were treated for 20 (IQR, 20-30) days. Culture-negative patients were discharged from hospital 3 days sooner (mean hospital stay 8 ± 0.4 vs 11 ± 0.4 days, P < .0001). Duration of antibiotic therapy or the rate of surgical procedures did not differ from the culture-positive cases (Table 1) . C-reactive protein normalized 2 days earlier among the culture-negative patients (P = .06). C-reactive protein, ESR, and WBC elevation was milder among culture-negative cases, as depicted in Figure 2 . 
Final Outcomes
At 1 year from discharge, all of the patients had recovered with the following exceptions: 3 (1%; 95% CI, 0-3) patients with past culture-positive infection (1 OM, 1 SA, 1 OM + SA) and 1 (1%; 95% CI, 0-7) patient with culture-negative OM developed symptoms. In the former group, tibial S aureus OM at age 1.6 years led to 8-degree varus deformity of the leg, S aureus SA at age 11 years caused a mild extension deficit of elbow, and Streptococcus pyogenes OM at age 12 caused mild pain during exercise. The only child with later problems in the culture-negative group was a girl with an OM in the left distal tibia at age 6 months. Serial radiographs also showed a periosteal reaction in fibula. The patient was treated with clindamycin for 30 days, but 7 months later a varus deformation of the left leg was found and Blount-disease was diagnosed. A causal association to the infection remained uncertain.
Only 1 case in the whole series reoccurred: a 10-year-old boy with S aureus ankle arthritis experienced 2 late reinfections caused by different bacteria with 17-and 8-month intervals [8, 10] .
DISCUSSION
The main finding of this study was that the same treatment lines that had been applied to culture-positive cases could also be used when the causative agent was not or could not be identified from the focus or blood. As reported before [5] [6] [7] , we found that culture negativity predicted a slightly milder disease, and clinicians chose slightly shorter treatments. Our treatment of all pediatric osteoarticular infections is already straightforward [14] [15] [16] . Generally speaking, we treat OM and SA according to the following principles: the antibiotic (clindamycin or a 1st generation cephalosporin) is used in exceptionally large doses and with the qid dosing; the agent is instituted intravenously but only for 2-4 days; the total course lasts approximately 3 (OM) or 2 (SA) weeks; surgery is kept at its minimum -not even hip arthritides are arthrotomized routinely [12] ; and the antibiotic is discontinued only after the symptoms and signs are subsiding and the descent of serum CRP <20 mg/L is observed. However, it should be noted that MRSA, K kingae, or Salmonella are extremely rare in our setting. Nevertheless, our approach has worked in 265 culture-positive cases of non-neonatal OM, SA, and OM + SA. As reported before, very few culture-positive patients required a deviation from these simple treatment lines [8] [9] [10] .
A limitation of this study was that we did not systematically include every single case of a suspected bone or joint infection in our treatment trial because we focused on culture-positive cases [8] [9] [10] , which left little space for discussion of whether a patient truly had OM or SA [17] [18] [19] . Therefore, the number of culture-negative cases fell in the lower limit of the range (20%-70%) given in literature [1] [2] [3] [4] . We still do not think this hampered the study message in any meaningful way. Unfortunately, no uniformly accepted diagnostic criteria exist for culture-negative bone or joint infections. Among those suggested are characteristic symptoms and signs, synovial WBC >50 000/mm 3 comprising >80% polymorphoneutrophils, visually purulent joint or bone aspirate, and radiographic or MRI findings [2] [3] [4] [5] [6] . One third of our OM patients did not undergo surgical procedures, and a sample was not obtained from the focus. It is possible that a sample might have shown growth. Still, this is a reality that clinicians must face because OM, in particular, is treated without invasive procedures [1, 5, 6] . Our low proportion of culturenegative cases represents the strict diagnostic criteria used in this study. All children showed indisputable clinical signs of an osteoarticular infection, and all cases had radiologic proof (although sometimes seen only during the follow-up), purulent discharge, and/or elevated CRP value. Still, there always exists a possibility of a misdiagnosis. For example, inflammatory arthritis or transients synovitis should be considered in SA and a possibility of a malignancy in OM, and it is normal procedure to be on the lookout for alternative diagnoses when cultures remain negative [1, 5, 6] . There was variation in the enrollment during the study period. The total antibiotic treatment shortened among culture-negative cases, because this was not regulated by a protocol and the clinicians became adjusted to shorter treatment periods [20] . Still, the outcome of these diseases was comparable to those in which the causative agent was isolated. Kingella kingae is a common pathogen in many parts of the world [21, 22] . For unknown reasons, it is not present in Finland, although it has recently been encountered elsewhere in Scandinavia [23, 24] . Repeated attempts were done specifically to find this pathogen with no results. Genetic factors seem to have a role in the incidence of K kingae infections [25] . Community-acquired methicillin-resistant Staphylococcus aureus was also not present in this series, but it does pose special problems among culture-negative cases in terms of the appropriate choice of the antibiotic. In our series, the treatment and prognosis of methicillin-sensitive S aureus (MSSA) was similar to other agents [26] . Unfortunately, MRSA has been described to have an increasingly complicated course associated with subperiosteal abscesses or pathological fractures [27] [28] [29] [30] [31] . A recent article described an evidence-based clinical differentiation algorithm for MSSA and MRSA in OM that may offer some help in guiding the empiric treatment in culture-negative cases [32] . Vancomycin may have to be used as the first-line antibiotic, although the current Infectious Diseases Society of America guideline also accepts the use of clindamycin, if the prevalence of clindamycin resistance in the community is low [33] .
In conclusion, in this trial, acute culture-negative bone and joint infections of children were treated as the culture-positive cases [8] [9] [10] with no major difference in prognosis.
